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TWO PROPOSED MEASURES OF SEISMICITY* 
By PIERRE ST. AMAND 
ABSTRACT 
Two measures of seismic activity are proposed. The first, called specific seismicity is the sum of the 
energy released by all the earthquakes occurring in an area in a given time, divided by the area 
and the time. The second is called tectonic flux and is the sum of the square roots of the energies of 
all the earthquakes occurring in a given area in a given time, divided by the area and the time. 
Tectonic flux is proportional to the rate of strain release in the area. Maps contoured in either 
measure are convenient for expressing the seismic activity of a region. 
INTRODUCTION 
IT SEEMS desirable to have a unit, or a measure, whereby the seismic activity of a 
region can be expressed. This measure should be based upon physical quantities. 
Two measures will be described: one, the specific seismicity, related to the rate of 
energy release; the other, tectonic flux, related to the rate of strain release. Either is 
a measure of the rate of the geologic processes of mountain building. This is a 
change in usage from that proposed in the author's earlier abstract. I 
SPECIFIC SEISMICITY 
The obvious thing is to express the activity as a function of energy released per unit 
area per unit time. Specific seismicity, S, a name suggested by Mr. Ralph Gilman 
of the Pasadena Laboratory, may be defined as 
K 
s= , fA f r J  dA dT (1) 
where A is the area chosen, T is the time of observation, and K is a constant de- 
pending on the units used. 
Evaluation of S requires that the energy of each of the shocks be determined. We 
may use an expression given by Gutenberg and Richter, 2using the Richter magni- 
tude, M~, of a particular shock 
log& = 11.0 + 1.6M~ (2) 
where Ji is the energy in ergs. In order to form the sum of J~, we must calculate the 
energy in each shock and add them up. 
Unfortunately, J~ is not known with precision; however, the ratio, Ns of the 
energy released in a shock of fiducial magnitude, M/ to  that of any shock of magni- 
tude, M~, is more certain. Using equation (2), 
J i  
log N/ = log ~ -- 1.6 (M~ - Mf) (3) 
* Manuscript received for publication, July 29, 1954. 
1 Pierre St. Amand, "Method for Expressing the Seismicity of a Region," abstract, Bull. Geol. 
Soc. Am., 65:1349 (1954). 
2 B. Gutenberg and C. F. Richter, in "Kern County, California, Earthquakes of 1952," Cali- 
fornia Division of Mines Bull. 171, in press. 
[41]  
42 BULLETIN OF THE SEISMOLOGICAL SOCIETY O:F AMERICA 
Actually, the earthquake of magnitude zero is the "unit earthquake" and 
log No = 1.6 M~ (4) 
This leads to cumbersomely large values of No and larger fiducial magnitudes seem 
desirable. 
In working with details of aftershock sequences, a fiducial magnitude of 3 gives 
easily handled numbers. For regional work, a fiducial magnitude of 6 seems handier 
because the sum is but little influenced by shocks smaller than those of the fiducial 
magnitude and a magnitude 6 shock anywhere in the world is not likely to be over- 
looked. Ss may then be expressed as 
S j -  1 K (5) 
which upon passing to the limit becomes equation (1). 
The unit of area to be used depends upon the detail desired and the precision of 
location of the shocks. One square minute does well for aftershock sequences. The 
square degree (based on the length of a degree of latitude at the latitude in question) 
seems better suited to regional studies, although any unit of area may be used. 
TECTONIC  FLUX 
Another measure, which we shall call tectonic flux 3, F, is very useful. 
1 (~f  T ~/2 K2fA fT  ~/2 F+ = -~.  J dA dT - Ns dA dT (6) AT 
Here. 
log N//~= log Jil-/2= 0.8 (Mi - My) j/~/~ (7) 
An argument given by Benioff 4 shows that F is proportional to the strain release 
rate of the area. The strain energy, E, stored in a volume, V, of rock with an average 
elastic strain, e~, and an elastic constant, g, is given by 
1 ~-  ~I~ (8 )  E = ~v~1 
If  el be assumed to be completely relieved and almost all the energy in the rock con- 
verted to earthquake waves, then E = J,  el = e, and 
jI/~ = (½~V)i/~e = Ce (9) 
Hugo Benioff first used the term tectonic flux in connection with activity in the Hindu Kush 
deep-focus sequence in describing a volume strain release density. The term seems o excellently 
suited to the concept in the present paper that we feel justified in appropriating it. 
4 Hugo Benioff, "Seismic Evidence for the Fault Origin of Oceanic Deeps," Bull. Geol. Soc. Am., 
60:1837-1886 (1949), esp. p. 1838. 
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Now, the fault displacement, x, corresponding to the strain rebound, is given by 
x = me (10) 
where m depends on the size and shape of the fault zone and of V. Hence 
O rl/2 = mcx ~ ]cx 
This argument depends upon V being constant and should therefore be applied 
to only one fault at a time; however, taking one at a time, the elastic strain released 
is proportional to the square root of the energy released. 
STRAIN RELEASE MAPS 
The use of F or S permits a novel means of representing seismic information per- 
raining to aftershock sequences and the same technique could be app]ied to regional 
studies. In figures 1 and 2 are presented the aftershocks of the Kern County earth- 
quake swarm arranged as maps contoured in F3. Figure 1 gives the strain release in 
third-magnitude earthquakes per square minute for all of 1952 following the first 36 
hours after the main shock. Outstanding features are the concentration of strain 
release near the ends of the fault, with a clearly marked "verboten Raum" near the 
lips of the White Wolf fault, even in the extremely active areas. 
Figure 2 shows the same information for all of 1953. The area of release has grown 
like the mycelium of a fungus, with activity extending toward the Garlock and San 
Andreas faults and in the region of the Kern River. 
The over-all level of activity has dropped, but the "verboten Raum" is still 
marked at both ends of the fault zone. One might be tempted to swing the westward 
extension of the White Wolf more westerly on these grounds, an idea supported by 
geologic and geomorphic evidence as well. 
I t  seems to the writer that the region is behaving as a unified whole rather than 
as a collection of isolated faults. Both maps have been smoothed, figure 1 over 9 
square minutes, figure 2 over 20 square minutes. 
This type of map presents the material to the eye in a manner easy to grasp and 
does not put undue emphasis on small shocks. It is easy to assemble, and has the 
advantage of being based on physical principles. 
DISCUSSION 
A difficulty which presents itself is an estimation of the time required to form an 
adequate sum. This is not a simple matter, and the time is of course a function of the 
rate of energy release. The time of summation must be great enough to permit a 
clear idea of the activity and yet short enough to insure that changes in regional 
activity are not masked. One needs to know the length of time for which a change in 
activity can be considered significant. 
If we may treat earthquakes in the same manner as shot noise in an electrical 
circuit (an unjustified procedure because lectrons are of the same size, whereas 
earthquakes are not and smaller ones have in general a greater probability of occur- 
rence than large ones) we can say that the number of earthquakes occurring in a 
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given time can be expected to fluctuate as the square root of the mean rate of 
occurrence, then we can assess the time required to form an average to a certain 
precision. Thus, for an area having 100 earthquakes a year, one year's observations 
would yield a precision of 10 per cent, provided the number were not systematically 
changing as they do in an aftershock sequence. On the contrary, the rate of occur- 
rence of larger earthquakes in an active area is more like 10 per hundred years, and 
a very low precision would be obtained in a lifetime. 
If, however, small shocks and aftershocks could be recorded, the relative distribu- 
tion of strain release could be obtained in a much shorter time. 
A treatment of the sort used by Nordquist 5 in applying Gumbel's theory of largest 
values would be of great assistance in making such estimations, and in predicting 
the occurrence of larger shocks. 
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